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[57] ABSTRACT

The embodiment of the invention disclosed herein is
directed to a power supply circuit for providing oper-
ating voltage to electric utilization means. The power
supply includes an oscillator circuit which has a tran-
sistor connected in series with the primary winding of
a coupling transformer, which primary winding func-
tions as the inductance element of a resonant tank cir-
cuit. A capacitor is connected in parallel with the in-
ductance element and recirculating current flows
therebetween. An electro-magnetic feedback element
is coupled to the leads of either the capacitor or in-
ductance element to sense the recirculating currents
within the tank circuit formed thereby. Heavy load
conditions at the output of the power supply will cause
a decrease in the recirculating currents thereby reduc-
ing the feedback for the oscillator which, in turn, will
reduce the output of the power supply.

10 Claims, 2 Drawing Figures
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POWER SUPPLY CIRCUIT WITH
ELECTRO-MAGNETIC FEEDBACK

BACKGROUND OF THE INVENTION

This invention relates generally to power supply cir-
cuits, and more particularly to a power supply circuit
which utilizes oscillator means to develop alternating
current voltage to be rectified for high voltage usage.
More specifically, the power supply circuit of this in-
vention is intended for use in high voltage low cost
circuit applications such as electrostatic air filtering,
and the like.

Heretofore, the utilization of air filtering means to
purify air, particularly in large urban areas, for health
purposes required the use of relatively large and com-
plex filtering equipment. One such air filtering appara-
tus utilizes high voltage across a grid arrangement to
provide an electrostatic charge to accumulate particles
from the air. However, these prior art electrostatic air
filtering circuits were relatively expensive because of
the complexity of the electronic equipment required to
achieve the necessary safety features for acceptance by
the general public.

For example, high voltage electrostatic filter circuits
require that the high voltage circuitry be adequately
protected in the event of heavy load or short circuit
conditions so that no excessive current flow will occur
to overheat existing wiring either in the home outlet or
in the electrostatic unit itself. Such high current protec-
tion on high voltage circuits heretofore has been rela-
tively complex and expensive in that they either re-
quired exotic sensing equipment or expensive cutoff
switching circuits to disable the electrostatic unit.

SUMMARY OF THE INVENTION

Accordingly, it is among the objects of this invention
to provide a new and improved high voltage power
supply circuit for use particularly with electrostatic air
filter systems.

Still another object of this invention is to provide a
new and improved power supply circuit which has au-
tomatic means for decreasing or terminating current
flow within the power supply circuit upon sensing ex-
cessive loads at the output terminal thereof.

Still another object of this invention is to provide a
new and improved power supply system for use with
electrostatic air filtering equipment, which power sup-
ply system is relatively inexpensive and simple to manu-
facture while maintaining a high degree of reliability
and efficiency in operation.

A feature of the present invention is the utilization of
an electro-magnetic coupling within a parallel tank
circuit to sense recirculating currents in the tank circuit
and which electro-magnetic coupling is applied to the
control electrode of a transistor which, together with
the tank circuit functions as an oscillator.

Briefly, the electro-magnetic feedback arrangement
of the present invention functions as a current-limiting
device when a low resistance load or short circuit con-
dition is sensed at the output terminal of the power
supply. As the output terminal current increases the
recirculating current within the tank circuit decreases.
The electro-magnetic coupling then reduces the posi-
tive feedback voltage to the transistor to reduce the
amplitude of oscillations produced thereby. Upon suffi-
cient loading of the output of the power supply; recir-
culating currents within the tank circuit cease afid os-
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2
cillations terminate. This then provides a simple and
inexpensive automatic cutoff arrangement for the
power supply circuit when a heavy load or short circuit
condition exists.

Many other objects, features and advantages of this
invention will be more fully realized and understood
from the following detailed description when taken in
conjunction with the accompanying drawings wherein
like reference numerals throughout the various views
of the drawings are intended to designate similar ele-
ments or components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a power supply
constructed in accordance with the principles of this
invention utilizing a novel feedback control circuit
arrangement; and

FIG. 2 is an alternate circuit configuration of the
feedback circuit of FIG. 1.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS '

Referring now to FIG. 1 there is seen a power supply
for providing an operating voltage to electric utilization
means constructed in accordance with the principles of
this invention and designated generally by reference
numeral 10. The power supply 10 includes inductance
means 11 having at least one lead 12 extending there-
from for receiving a direct current voltage of the first
value from an AC to DC power source designated gen-
erally by reference numeral 13. However it will be
understood that the power source 13 may be replaced
by a battery. A solid state switching device 14 has the
load electrodes 16 and 17 thereof connected to another
lead 18 of the inductance element 11 to be in series
therewith. In the illustrated embodiment the solid state
switching device 14 is illustrated as a transistor. The
novel feedback circuit arrangement of this invention
allows transistors of widely varying current gains and
types to be used without adversely affecting circuit
operation. Therefore, substantial savings in cost are

“achieved.

A capacitor 20 has one lead 21 thereof connected to
lead 12 of inductance element 11 and passing through
an opening formed in a toroid 22. Capacitor 20 has a
second lead 23 connected to lead 18 of the inductance
element 11 to be in parallel therewith to form a reso-
nant tank circuit.

Most advantageously, the feedback for operation of
the oscillator formed by inductance element 11, capac-
itor 20 and switching device 14 is obtained by trans-
former coupling through the toroid 23. In this instance
lead 21 functions as a single-turn primary winding for a
feedback-coupling transformer formed by the toroid. A
second winding 24 is formed by several turns about the
toroid and has one lead extending therefrom connected
to a terminal point 26 between a resistor 27 and capaci-
tor 28. The other lead from secondary winding 24 is
connected to the control electrode of the solid state
switching device 14. Also connected to the base elec-
trode of transistor 14 area a pair of series-connected
diodes 29 and 30. Diodes 29 and 30 operate. &5 a bias-
ing control circuit for the transistor. The t&f6id 22 is
electro-magnetically coupled to the recir¢iilating cur-
rents formed Within the tafik circuit whefl the circuit
oscillates. o )

The powef Siipply 13 is formed of a bridge Féetifier
comprising folif diodes 33; 34, 35 and 36 arfafiged for
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connection to a source of alternating current voltage
such as that obtained from a standard house line 40. A
current-limiting resistor 41 is connected in series there-
with and a capacitor 42 is connected in shunt relation
with the lines 40 to provide a voltage transient damping
circuit. To provide a uniform DC voltage for operation
of the oscillator circuit of this invention a filter capaci-
tor 44 is connected across the bridge rectifier.

In the illustrated embodiment the inductance ele-
ment 11 is formed as the primary winding of a trans-
former 50 which, in turn, has the secondary winding 51
thereof connected to a voltage multiplier circuit 53.
The voltage multiplier circuit is of standard configura-
tion, being a tripler in the illustrated embodiment, so
that the output voltage applied to terminal 54 is three
times that of the peak-to-peak voltage developed
across the secondary winding 51 of the transformer 50.
A current-limiting resistor 56 is connected in series
with the multiplier circuit 53 and the output terminal
54. A bleeder-resistor network, comprising resistors
57, 58 and a neon indicating lamp 59, is provided. The
resistors provide a leakage current path when the
power supply is de-energized to insure that the capaci-
tive output circuit of the multiplier 53 is discharged.
The neon indicating lamp 59 indicates that power is
applied to the circuit and available at the output termi-
nal 54.

Capacitor 28 forms a low impedance alternating
current path for the base electrode of the transistor 14
to sustain the feedback required for oscillations. In the
illustrated embodiment the toroid 22 has the primary
winding formed of one turn, preferably one of the leads
of either the capacitor or the inductor, and the second-
ary winding formed of several turns of wire. The phas-
ing of the feedback signal is positive to the base elec-
trode of the transistor 14 to cause periodic oscillations
to occur. The oscillation frequency is determined by
the inductor 11, capacitor 20, and in the illustrated
embodiment is in the order of about 25 KHz.

While the illustrated circuit configuration of FIG. 1
utilizes a step-up transformer 50 it will be understood
that a step-down transformer may be incorporated
without departing from the novel concepts of this in-
vention. Furthermore, the voltage multiplier circuit 53
may be replaced by a standard half wave, full wave or
bridge rectifier circuit arrangement.

In operation, resistor 27 forward biases the transistor
14 into conduction by means of a current path through
resistor 27, secondary winding 24 of toroid 22 and the
baseemitter junction of transistor 14 and through a
current-limiting resistor 60. Current flow to charge
capacitor 20 is sensed by the toroid 22 and provides a
regenerative drive signal to the base electrode of the
transistor. At the 90° phase point in the oscillation, the
regenerative drive to the base of transistor 14 reverses
and thus causes the drive current polarity to reverse
and cut off the transistor. However, conduction
through transistor 14 continues for a short period of
time. When transistor 14 is rendered nonconductive by
the depletion of the storage time associated with the
transistor, voltage across the transistor will start to
increase due to the energy stored in the inductance
element 11. A cycle of resonance occurs and when the
polarity is correct another pulse of regenerative drive is
applied to the base electrode of transistor 14 so the
next cycle of oscillation starts. The toroid 22 formed by
the single lead primary winding and multiple turn sec-
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4
ondary winding therefore functions as a feedback cir-
cuit to sustain oscillations of the oscillator.

However, another function of the toroid 22 is to
cause a decrease in positive feedback to the transistor
when the output is heavily loaded or short circuited.
The circuit functions to limit output current below a
level that is dangerous to personnel. The decrease in
positive feedback is due to sensing a substantial de-
crease in recirculating current within the tank circuit
formed by inductance 11 and capacitor 20. The tank
circuit has a normally high Q and the peak-to-peak
recirculating current is therefore high. The current
transformer formed by the toroid senses the high recir-
culating current to provide the feedback for sustaining
oscillations. When the output terminal 54 is heavily
loaded, or short circuited, the low impedance is re-
flected to the primary winding 11 of the transformer 50
and therefore reduces the Q of the tank circuit and
lowers the peak-to-peak recirculating current therein.
The current transformer formed by the toroid 22 then
senses the low peak-to-peak current and reduces the
drive delivered to the transistor for oscillations. Carried
to the extreme of operation, the circuit will cease or
nearly cease to oscillate when the output terminal 54 is
short circuited. By providing a feedback scheme which
is electro-magnetically coupled to the recirculating
currents of the tank circuit of an oscillator, transistors
of widely varying current gain characteristics can be
utilized to obtain nearly the same output voltages. This
substantially decreases circuit complexity and cost.

Referring now to FIG. 2 there is seen an alternate
embodiment of the present invention. Here the toroid
22a is illustrated as being placed in circuit with the lead
12 of the inductance element 11. Recirculating current
within the tank circuit at this point is substantially the
same as that of the recirculating current sensed by the
capacitor leads.

While two embodiments of the present invention
have been illustrated herein it will be understood that
still further variations and modifications may be ef-
fected without departing from the spirit and scope of
the novel concepts disclosed and claimed herein.

The invention claimed is as follows:

1. In a power supply for providing an operating volt-
age to an electric utilization means, the combination
comprising; inductance means having a first and a sec-
ond lead, said first lead extending therefrom for receiv-
ing DC current of a first value; a switchable circuit
including solid state switching means having load elec-
trodes connected to said second lead of said inductance
means to be in series therewith, said solid state switch-
ing means further including a control electrode; capaci-
tor means having a pair of electrical leads extending
therefrom and connected in circuit with the leads of
said inductance means to form a resonant circuit there-
with, said switchable circuit providing a current path to
initiate oscillation of said resonant circuit; feedback
means electro-magnetically coupled to at least one of
the leads of said inductance means and to said capaci-
tor means to sense circulating current flow there-
through, said feedback means being coupled to said
control electrode of said solid state switching means'to
cause said inductance means, capacitor means and said
solid state switching means to function as an oscillator,
said feedback means being responsive to the amplitude
of oscillation from said oscillator to disable said oscilla-
tor when reduced circulating current is sensed between
said inductance and capacitor means by said feedback
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means; and rectifier means coupled to said inductance
means to provide a DC voltage of a second value to an
output terminal thereof to be delivered to the electric
utilization means.

2. In the power supply for providing an operating
voltage to an electric utilization means as set forth in
claim 1 wherein said feedback means includes an elec-
tro-magnetic toroid having an opening therein to re-
ceive the leads of said inductance means which func-
tion as a primary winding of a feedback coupling trans-
former formed thereby, a secondary winding formed on
said toroid and coupled to said control electrode of said
solid state switching means.

3. In the power supply for providing an operating.

voltage to electric utilization means as set forth in claim
2 wherein said toroid receives one of the leads of said
capacitor means.

4. In the power supply for providing an operating
voltage to electric utilization means as set forth in claim
1 wherein said inductance means and said capacitor
means are connected in parallel to provide a tank cir-
cuit with high recirculating currents therethrough, said
feedback means sensing the relative value of said recir-
culating currents and controlling conduction of said
solid state switching means in response thereto.

5. In the power supply for providing an operating
voltage to electric utilization means as set forth in claim
1 wherein said inductance means forms the primary
winding of a step-up transformer, said rectifier means
being coupled to a secondary winding of said step-up
transformer.

6. In the power supply for providing an operating
voltage to electric utilization means as set forth in claim
5 wherein said rectifier means is a multiplier circuit
such that said second voltage value is greater than said
first voltage value.

7. In the power supply for providing an operating
voltage to electric utilization means as set forth in claim
1 further including rectifier and filter circuit means
adapted to be connected to a source of voitage from a
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conventional alternating current voltage house line to
develop said first DC current to be delivered to said
one terminal of said conductance means.

8. In a power supply circuit the combination compris-
ing: an oscillator circuit including inductive and capaci-
tive elements for providing an alternating current volt-
age at the output thereof said oscillator circuit having
relatively high recirculating currents therein when
loads coupled to the power supply are below a prede-
termined minimum value, a transformer having the
primary winding thereof forming the inductive element
of said oscillator circuit, said transformer further in-
cluding a secondary winding to transformer couple said
alternating current voltage, rectifier circuit means cou-
pled to the secondary winding of said transformer for
providing a direct current voltage to an output terminal
of the power supply and variations in load resistance at
said output terminal being reflected from the second-
ary winding of said transformer back to said primary
winding thereof, and electro-magnetic means coupled
to said oscillator circuit for sensing a decrease in recir-
culating current as a result of increased load at said
output terminal, whereby automatic current control is
obtained by sensing of the increased load at said output
terminal which results in reduced recirculating current
within said oscillator circuit.

9. In the power supply circuit as set forth in claim 8
wherein said electro-magnetic means is formed of a
toroid transformer having a closed-loop magnetic core
with a primary winding being formed by one lead of
one of said inductance element and said capacitance
element, and a secondary winding formed thereon to
provide feedback for said oscillator circuit.

10. The power supply as set forth in claim 8 wherein
said rectifier means connected between the secondary
winding of said transformer and said output terminal is
a multiplier circuit to provide a high voltage at said

output terminal.
* ok ok k%
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